ABSTRACT -The objective was to evaluate the accuracy of six body weight (BW) estimating methods in Mangalarga Marchador horses (MM) (n = 318): method A -tape placements at three different positions around the thoracic girth; B -Crevat and Quetelec's formula; C -Hall's formula; D -Hintz and Griffiths' table; E -Santos' table; and F -Cintra's formula. For additional analyses, gender, age, and gestational stage were considered. Estimated average BW was compared to the actual scale weight by the paired T test, mean predicted error, and determination coefficient. In the general population, methods A (position 3), B, and C estimated BW that were different from that of the scale. Method A, at positions 1 and 2, was more accurate in predicting the scale weight results compared with all other methods. For pregnant mares, the tape in positions 1 and 2 in method A did not differ from those of the scale. Method A in positions 1 and 2 and the table (method E) may be used to estimate the BW of males and females of different ages and/or gestational stages. To use Methods B and C, correction factors are necessary to precisely estimate the body weights in this breed.
Introduction
The Brazilian equine herd has over five million animals, considering working horses, those registered in breed associations, leisure, and competition. The horse agribusiness complex is worth R$ 16.15 billion (approximately 4.6 billion dollars), generating 610 thousand direct and 2.4 million indirect jobs, totaling over three million work positions (Lima and Cintra, 2015) .
The Mangalarga Marchador breed, originated in the south region of Minas Gerais, is the largest native riding horse breed in Brazil. Morphologically, they are characterized as light saddle type horses, with withers height between 140 and 154 cm and 147 to 157 cm for females and males, respectively; have triangular head and neck of a pyramid shape, strong and well-proportioned structure, and a smooth four-beat gait called "marcha" (Cabral et al., 2004; Pinto et al., 2005; Santiago et al., 2013 Santiago et al., , 2014 Santiago et al., , 2016 .
Despite the intense recent development of the Brazilian equine industry, several key points related to the evaluation of the nutritional and health condition of the horses need to be addressed. In this context, body weight is a very basic management tool and it is strategic for the nutritional programs, the correct administration of drugs, and in monitoring the body growth of foals (Santos et al., 2007) .
The most accurate way to measure BW is by scale weighing, but often its high implementation cost limits its availability for use in most Brazilian farms. Thus, the methods for estimating BW, such as weighing tapes, tables, and mathematical formulas are practical, cheaper, and more appropriate alternatives (Ellis and Holand, 2002; Wagner et al., 2009; Hoffmann et al., 2013) . However, the efficiency of these methods may be affected by some horse characteristics (gender, age, pregnancy stage, body score, and breed), as well as features independent of the animals, such as food availability, health status, and environmental conditions (García Neder et al., 2009) .
Many horse owners and professionals have doubts about the reliability of these methods when applied to native Brazilian breeds such as the Mangalarga Marchador, R. Bras. Zootec., 46(12): [903] [904] [905] [906] [907] [908] [909] 2017 posing more specific questions such as what is the correct position in which the weighing tape must be placed? Therefore, studies are necessary to answer these questions.
The objective was to evaluate and compare the effectiveness of six methods of body weight estimation in young (males and females) and adult (male, barren females, pregnant females) Mangalarga Marchador horses.
Material and Methods
Three hundred and eighteen Mangalarga Marchador horses of distinct gender and ages and adult mares in various gestational stages were evaluated (Table 1) . Data were collected in 2012 from a ring show event (Belo Horizonte, MG, Brazil) and from a private stud farm (Lavras, MG, Brazil), after obtaining the approval of the Research Ethics Committee, under case no. 039/12. Each horse was first weighed, to the nearest kg, on either a fixed or a portable scale made available by the owners after calibration. Next, the body weights were estimated by the following methods:
Method A -a commercial horse weighing tape (Companhia do Sertão Agroveterinaria, Belo Horizonte, MG, Brazil), placed at three distinct positions around the thorax: at the withers midpoint and immediately caudal to the elbow (Position 1); immediately caudal to the withers and to the elbow (Position 2); and immediately caudal to the withers and at the caudal limit of the xyphoid cartilage (Position 3).
Method B -Crevat and Quetelet's mathematical formula (Cintra, 2013) : BW (kg) = CG³ × 80, in which CG³ is the thoracic perimeter or chest girth in meters -tape positioned immediately caudal to the withers and at the caudal limit of the xyphoid cartilage, after respiratory expiration -and 80 is a constant.
Method C - Hall (1971) formula modified by Carroll and Huntington (1988) :
BW (kg) = [(HG 2 × BL) /11900], in which HG 2 is the thoracic perimeter or heart girth in centimeters -tape positioned as in position 1 in method A, after expiration; BL is the body length in cm, checked with a horse measuring stick positioned cranially to the scapuleumeral joint and tip of the shoulder caudally to the tuber ischia (tip of the buttock); and 11900 is a constant.
Method D -table proposed by Hintz and Griffiths (1984) ; the only method in which a correction factor for pregnant mares is considered.
Method E -table proposed by Santos et al. (2008) ; the only method developed for a native Brazilian horse breed (Pantaneiro).
Method F -Cintra's (2013) formula, specifically for weaned foals up to 12 months old:
BW (kg) = (HG -25) / 0.7 in which HG is the thoracic perimeter or heart girth in cm -tape positioned at position 1 as in method A, after respiratory expiration; and 25 and 0.7 are constants.
Body condition score (BCS) was assessed according to a scale proposed by Carroll and Huntington (1988) : 0 -thin and 5 -very obese. To characterize conformation, the following measurements were considered according to Cabral et al. (2004) : withers height, body length, cannon and thoracic perimeter, and body and dactyl-thoracic indices. Body index (BI) = body length × 100/chest girth, if greater than 90, the animal is classified as a sport-or hunter-type horse; between 86 and 88, as saddle-or riding-type horse; and less than 85, as a draft-type horse. Dactyl thorax index n -number of animals; BCS -body condition score; WH -withers height; BL -body length; CG -chest girth; CC -cannon circumference; DTI -dactylo-thoracic index; BI -body index. 1 Carroll and Huntington (1988) , score from 0 to 5.
(DTI) = cannon circumference × 100/chest girth; if less than 10.5, horses are considered saddle horses with poor structure; if equal to 10.5 and up to 10.8, as saddle horses; if equal to or greater than 10.8 and up to 11.0, as light-draft horses; and equal to and above 11.5, as heavy-draft horses (Cabral et al., 2004) . All statistical analyses were performed using the R statistical program (R Development Core Team, 2013) . The model included reproductive status (intact males, n = 94; barren females, n = 134; and pregnant females, n = 90), age class (6-12, n = 36; >12-24, n = 40, >24-36, n = 25, >36-60, n= 53; and > 60 months, n = 74), and gestational stage (up to six months, n = 9; 6-8 months, n = 43; and >8-11 months, n = 38).
The means were compared with the real BW (scale) by the paired t test (P<0.05), mean predicted error (MPE), and coefficient of determination (R 2 ). The coefficient of determination was calculated as the square of the simple linear correlation coefficient between the estimated and observed values; the closer to 1, the better. The MPE was obtained through the means of the deviations between the actual weight and the weight estimated by the alternative methods, in which negative values indicate overestimation of the actual weight and positive values underestimation; the closer to zero, the better MPE value of the method. Whenever the means between the estimating methods and the real weights were similar, according to the paired t test, the MPE and the R 2 were used as a complement to choose the most reliable method.
The specific correction factors were also calculated for methods B and C in this breed. For method B, the correction factor was calculated by dividing the actual weights by the weights obtained by this method and then the value found was multiplied by the constant (80) of the method B. For method C, the correction factor was calculated by dividing the actual weights by the weights obtained by this method and, afterwards, the method C constant (11.900) was divided by the value found. The correction factors were tested by paired t test (P<0.05) to verify its effectiveness.
Results
For 6-12 month-old males, tape position 1 underestimated the scale weight, but was similar to the remaining age classes (Table 2) ; tape position 2 underestimated the scale weight only in age class >60 months old; and position 3 overestimated the scale weight in all age classes, except for the > 24-36-month-old class. Therefore, for 6-12-month-old males, position 2 was a better method than positions 1 and 3; for >12-60-month-old males, positions 1 and 2 were equivalent because their means were similar to those of the scale; and for the > 60-month-old class, position 1 was the most precise.
Males were classified as of average size saddle-type horses (BI > 85). Barren females were also classified as saddle type, but with a lighter structure (BI < 85), as they approached adult age (Table 1) .
For 6-12-and > 12-24-month-old females, positions 1 and 2 means were similar to the scale weight as well and the >36-60 month-old class in position 2 (Table 2 ). In the remaining classes, positions 1, 2, and 3 means were lower than the scale weight.
For mares with ≤ 5 and > 8-11 months of gestation, positions 1 and 2 estimates were similar to scale weights in all gestation stages (Table 4) . Except for 6-12-and 24-36-month-old males in method B, the estimated weights were different from the scale weights for the remaining age classes for males and females with the two other formulas tested (Table 3) .
Methods B and C estimates were different from the scale weights in all gestation stages (Table 5) , probably because pregnant mares were classified as short-framed with a smaller body structure for saddle horses, in which BI and DTI values of <85 and <10.5, respectively, decreased as gestation progressed (Table 1) . This classification may also be related to genetic selection, since most of the mares were embryo recipients, which tend to be less uniform and, therefore, promoting the differences observed in body weight estimates.
Based on the differences between the scale and the estimated weights by methods B and C, new correction factors were calculated. Appropriate corrections were carried out on the constants of these methods and new equations used. Methods were adapted to males and nonpregnant females, as follows:
For males: Adapted method B -BW (kg) = CG³ × 77; Adapted method C -BW (kg) = [(HG 2 × BL) /10635]. (Cintra, 2013; Santos, 1981; Torres and Jardim, 1987; Marcenac and Aublet, 1964) . 2 Formula proposed by Hall (Cintra, 2013; Wagner and Tyler, 2011; Carroll and Huntington, 1988; Ellis and Hollands, 1998) . (Table 4) . On the other hand, within sex class and age, method E estimated weights similarly to the scale weight, demonstrating a good estimating capacity for 6-36-monthold males and females between six and 60 months old. Weights estimated by method D were similar to the scale weights for all male classes. Amongst age classes, method D estimations were different from the scale weights only in 6-12-and <36-60-month-old males (Table 4) .
For pregnant mares, method D was accurate only in the initial third of gestation (Table 5) .
Discussion
The results observed with the different tape positions indicate that method A is more precise in males than in females, a possible effect of sexual dimorphism. Ellis and Hollands (2002) also reported that the tapes may over-or underestimate horse weights, but were able to improve their method by developing a specific tape which considered the different equine sizes (withers height above or below 152 cm).
In the whole sample, all three tape positions underestimated the scale weights for males and super estimated it for females. Compared with the scale weights, the estimated overall weight means in positions 1 and 2 differed in −7.5 kg for males and 7.4 kg for females. Working with 20 breeds, Wagner and Tyler (2011) observed a greater difference (65.81 kg) between position 1 estimates and the overall scale weight means. Thus, for 6-12-monthold females, positions 1 and 2 efficiently estimated body weights.
A similar pattern to that of saddle-type classification was observed for DTI, which decreased in males and females in relation to the scale weight. These results are different from those reported by Cabral et al. (2004) , studying 98 MM horses, and concluded that females were lighter as fillies, but became average size with age, as observed in males. This variation in animal frame may have altered (Cintra, 2013; Santos, 1981; Torres and Jardim, 1987; Marcenac and Aublet, 1964) . 2 Formula proposed by Hall (Cintra, 2013; Wagner and Tyler, 2011; Carroll and Huntington, 1988; Ellis and Hollands, 1998) . 3 Table proposed by Hintz and Griffiths (1984) . 4 Table proposed by Santos et al. (2008) .
R. Bras. Zootec., 46 (12): [903] [904] [905] [906] [907] [908] [909] 2017 their live weight, since the morphological conformation of the animals used in the elaboration of this weighing tape was probably different from that of the animals studied in this experiment. However, there are no scientific data describing how these tapes were really conceived. The way the tape was placed throughout the different ages, gestational stages, and genders affected the accuracy of the method. These effects were also observed by García Neder et al. (2009) , in which body weight was influenced by internal and external factors such as gender, age, gestation, body condition, breed, and environmental conditions.
Mean body weights were underestimated by Hall's formula and overestimated by Crevat and Quetelet's formula. Therefore, these formulas resulted in estimations deviating more than 15% from the actual weights, which is not acceptable, according to Milner and Helwitt (1969) . These authors observed mean deviations of up to 10% from the actual scale weights by Crevat and Quetelet's estimations, suggesting that this deviation may be related to the fact that only the thoracic perimeter was used as the basis for the calculations. Thus, these methods should not be recommended to be used in the MM breed.
Similarly, Wagner and Tyler (2011) , testing Hall's formula (1971), also observed differences (17.25 kg) between the estimated and the scale weights, suggesting that the denominator currently used in this equation needs further studies to evaluate its repeatability and precision. Contrastingly, Hollands (2002) and García Neder et al. (2009) reported that the Hall's formula was the most efficient and precise (98.6% accurate in relation to the scale weight) among the methods studied. These divergences between the current study and other publications demonstrate that it is necessary to establish, with more details, the factors that directly or indirectly affect the accuracy of the current equine weight estimation methods.
The differences in the values between males and females observed in the corrected formulas are related to the species sexual dimorphism. As for non-pregnant and pregnant mares, the corrected formula value differences were due to the fact that the latter were embryo recipients and the former were ring show mares subjected to very distinct overall management.
Aiming to improve the accuracy in weaned foals, a specific formula for foals up to 12 months old, proposed by Cintra (2013) , was tested. Body weight was underestimated by this formula, which is not indicated for weaned foals of the MM breed (Table 6 ). Nutrition, sanitary conditions, and post-weaning stress may explain the variations in the method proposed by Cintra (2013).
Additionally, as before, the differences observed between the mathematical formula estimations and scale weights may be explained by differences between the conformation of exotic breeds, for which they were developed originally, and the MM breed.
The values calculated for the mean predicted error (MPE) by the two weight tables exhibited the same estimating pattern as the tape on positions 1 and 2, when the estimated weights for males underestimated the real weight and overestimated the actual weight in females. However, the error values in method E are much lower than those observed in the literature, suggesting that both tables showed good precision for MM equines.
In pregnant mares, method D was accurate only in the initial third of gestation, when the effect of the growing fetus does not yet affect the conformation of mares significantly. Such differences may also be related to the fact that Hintz and Griffiths' table is not adjusted for the breed tested.
The table by Santos et al. (2008) was developed for Pantaneiro horses (a native breed from central Brazil) and, according to McManus et al. (2008) , has its origin in the Lusitano, Celtic, Barbo, and Andaluz breeds, similar to the MM breed. Perhaps, for this reason, this estimation method is efficient for this breed and because, according to Silva et al. (2012) , there is a significant genetic proximity between the breed originally used to elaborate this method and the MM breed.
Conclusions
Tape positions 1 and 2 in method A and method E may be used to estimate the body weight of males and females of the Mangalarga Marchador breed. For pregnant mares, tape positions 1 and 2 in method A may be used in the initial and final third of gestation. For foals and weaned fillies, tape position 2 in method A is the most accurate. Of the alternative methods, tape position 2 in method A is the most accurate for all age classes and gestational periods in both genetic groups. To use methods B and C, correction factors are necessary to precisely estimate the body weights in the Mangalarga Marchador breed.
